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Study objective and Setting: To develop a computer model, using a geographical information system
(GIS), to quantify potential health effects of air pollution from a new energy from waste facility on the
surrounding urban population.
Design: Health impacts were included where evidence of causality is sufficiently convincing. The evidence
for no threshold means that annual average increases in concentration can be used to model changes in
outcome. The study combined the ‘‘contours’’ of additional pollutant concentrations for the new source
generated by a dispersion model with a population database within a GIS, which is set up to calculate the
product of the concentration increase with numbers of people exposed within each enumeration district
exposure response coefficients, and the background rates of mortality and hospital admissions for several
causes.
Main results: The magnitude of health effects might result from the increased PM10 exposure is small—
about 0.03 deaths each year in a population of 3 500000, with 0.04 extra hospital admissions for
respiratory disease. Long term exposure might bring forward 1.8–7.8 deaths in 30 years.
Conclusions: This computer model is a feasible approach to estimating impacts on human health from
environmental effects but sensitivity analyses are recommended.
Relevance to clinical or professional practice: The availability of GIS and dispersion models on personal
computers enables quantification of health effects resulting from the additional air pollution new industrial
development might cause. This approach could also be used in environmental impact assessment. Care
must be taken in presenting results to emphasise methodological limitations and uncertainties in the
numbers.

E
nvironmental impact assessment is a legal requirement
in the European Union, as in many parts of the world,
for a range of structural and industrial projects.

Consideration of impacts on human health is required1–4

but is seldom done.2 5–7 Even when considered, health effects
are seldom quantified.8

Many epidemiological studies show remarkably consistent
associations between several health outcomes and exposure
to increased concentrations of certain airborne pollutants,
such as particulate matter (PM10, particles of aerodynamic
diameter less than 10 microns).9–12 The availability of
geographical information systems (GIS) and dispersion
models on personal computers makes applying this knowl-
edge a realistic possibility for quantifying health effects of the
additional air pollution from a new industrial development.
Although spreadsheets and other models have been produced
to quantify health effects of specific scenarios,13 14 these have
not been widely applied linked to GIS. By using a GIS, we are
able to perform a large number of calculations for variables
that display a large spatial variation. Without this tool, the
task of aggregating the effects across such a wide area at this
level of detail would be impossible.
In this case study, we have quantified some of the health

effects of a new energy from waste facility on the surround-
ing population, in the context of environmental assessment
for planning and licensing of the proposal.

METHOD
Our method was a development based on an existing
computer spreadsheet model.13 15 That model was based on
changes in ambient pollution at monitoring sites resulting
from policies to improve air quality in a local authority,
assuming that levels changed in parallel across the whole

area. This new method links the spreadsheet to a GIS, so that
the health impact calculations for the modelled additional
exposure experienced by the resident population of each
enumeration district can be made. (The enumeration district
(ED), containing around 100 residents, was the smallest
output level in the UK’s 1991 census. It has been superseded
by output areas from the 2001 census.)
The quantification relies on the simple equation:
DE = b6DC6P6E,
(D)E = (change in) background rate of events;
b = exposure-response coefficient;
DC = change in concentration of pollutant;
P = population exposed.
The coefficients are derived from epidemiological studies,

which show a clear association between increased exposure
and increased effects. We have included only those pollution-
health outcomes associations for which the evidence of a
causal relation is at least moderately strong, based on
systematic literature reviews13 (table 1).
When assessing potential health impacts of exposure to

raised levels of criterion air pollutants from the proposed
plant, we examined PM10, sulphur dioxide, and nitrogen
dioxide. As this paper aims to describe the quantification
method of a computer model combining geographical
information with calculations, we have restricted description
of the methods and findings to PM10 as an exemplar.
There is strong evidence that exposure to PM10 brings

forward non-traumatic deaths9 13 and moderate evidence13

that PM10 increases emergency hospital admissions for cir-
culatory17 and respiratory17 diseases and accident and

Abbreviations: GIS, geographical information system; ED, enumeration
district
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emergency attendances for asthma.19 There is also moderate
evidence that long term exposure to particulate matter in-
creases deaths.13 20 Within the range of ambient pollution
encountered in the region, the health effects of particulate
matter is linear and there is no good evidence of a threshold
below which they have no effect on any person.15 21 22 This
assumption of no threshold is made based on the epidemio-
logical evidence but results in being able to use the modelled
increase in annual average concentration rather than all the
individual 24 hour average concentrations that make up a
year.
The anticipated emissions from the proposed incinerator

were entered into the ADMS air pollution dispersion
model23 24 to obtain ‘‘contours’’ of additional concentrations
for the new source. This output file was easily transferred

into the GIS. A population database at ED level for a 20 km
radius by age group (0–14, 15–64, 65+) was added to the GIS
as another data layer.
The pollutant concentrations are represented by the

dispersion model as lines. These were used to create small
area polygons in the GIS, each defining an area with a single
value for concentration. The polygons were formed by
reference to the ED boundaries, so that each polygon had
one total population value, with the assumption that the
population was uniform across the whole area. Using an
overlay function in GIS, the population data were combined
with the PM10 concentration data, resulting in a single layer
containing details of ED name, spatial area, population, and a
PM10 concentration for many hundreds of non-uniform
areas.

Table 1 Strength of evidence for causal relations for acute exposure to ambient levels

Mortality Morbidity

Strong evidence Moderate evidence Strong evidence Moderate evidence

All non-traumatic deaths9 All respiratory disease16

Chronic obstructive pulmonary
disease plus asthma in people
aged >6516

Emergency hospital admissions for all
circulatory17 and all respiratory diseases17 18

and ischaemic heart disease17 at all ages
Emergency hospital admissions in people aged
>65 for chronic obstructive pulmonary disease
plus asthma17 18 and for pneumonia17

Asthma admissions in children and younger
adults17

Accident and emergency attendances for
asthma in children and younger adults19

Table 2 Estimates used of percentage change in mortality and hospital admissions for the effect of an acute change of 1 mg/
m3 PM10

Diagnostic category
ICD-9
codes25

ICD-10
codes26

Age
group

Mean annual
number of
events Effect estimates

20 km area London APHEA-2 Meta-analyses

All non-traumatic
deaths

,800 A* -R* All 29983 0.03% (20.02 to +0.07)16 0.06% (0.04–0.08)
(lag 0–1)27

0.074% (0.062–0.086) (WHO,
1997 estimate)28 29

0.16% (0.043–0.097)
(distributed lag 0–40)11

0.064% (0.048–0.077)30

0.05 (0.04–0.06) (combined
APHEA and NMMAPS31)

All respiratory deaths 460–519 J* All 5878 0.11% (0.04–0.20)16

COPD + asthma
deaths

490–496 J40*-J47* >65 1441 0.25% (0.06–0.46)16

Circulatory admissions 390–459 I* 0–64 9461 0.11% (0.04–0.18)17 0.05% (0.02–0.08)18

>65 19410 0.05% (20.00 to +0.10)17

Cardiac admissions 390–429 I00–I30 all ages 20611 0.08% (0.03–0.14)32 0.05% (0.02–0.08)10

.65 13870 0.07% (0.04–0.10) 10

IHD admissions 410–414 I20–I25 0–64 4151 0.13% (0.03–0.25)17

>65 6303 0.08% (0.01–0.16)17 0.08% (0.03–0.12)10

Respiratory
admissions

460–519 J* All 27345 0.08% (0.03–0.16)17 0.08% (0.05 to 0.11)
(WHO)28 29

0.04% (20.03 to +0.12)32

>65 12045 0.04% (20.03 to 0.12)18 0.1% (0.04–0.15)18

COPD + asthma
admissions

490–496 J40–J47 >65 4931 0.03 (20.08 to +0.15)18 0.1% (0.04–0.15)18

Lower respiratory
infection admissions

466, 480–486 J12–J22 >65 5542 0.13% (0.02–0.25)17

Asthma admissions 493 J45–J46 0–14 2251 0.06% (20.08 to +0.2)18 0.12% (0.02–0.23)18

15–64 1955 0.14% (20.01 to +0.3)18 0.11% (0.03–0.18)18

Asthma attendances
at A&E

self reported 0–14 Not available 0.30% (0.09–0.50)
cumulative19

15–64 Not available 0.24% (0.07–0.42)
cumulative19

APHEA, short term effects of air pollution on health: European approach. NMMAPS, national mortality and morbidity air pollution study. WHO, World Health Organisation.
COPD, chronic obstructive pulmonary disease. IHD, ischaemic heart disease. A&E, accident and emergency department.
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Using the GIS it was possible to see, at a glance, the
population density variations across the study area and in
conjunction with the distribution of pollutant concentrations.
It was a straightforward exercise to add new data into the
GIS and run the model again, for a larger area for example.
Similarly, the model could be run with different pollutant
concentration fields.
The results from the GIS were then exported into MSExcel

so that further calculations could be made.
Aggregated data on current regional rates of mortality and

hospital admissions for several causes from the Office for
National Statistics (ONS) and Hospital Episode Statistics
databases respectively were obtained from the Compendium
of Clinical and Health Indicators 2002/Clinical and Health
Outcomes Knowledge Base and the London Health

Observatory. We used a three year average to reduce the
effects of random variation.
The GIS is linked to a spreadsheet containing the effect

estimates and the background rates for the various health
outcomes.
A number of uncertainties exist in the information

underlying this assessment. We therefore included three
types of sensitivity analyses. Precise effect estimates from
relevant, well conducted primary studies and from meta-
analyses are of the same order of magnitude but vary
(table 2), so the analyses were repeated using a number of
coefficients. The analyses were repeated using a 15 km radius
for impacts, to see the effect of changing the geographically
determined population for which health impacts are
assessed. Thirdly, for a ‘‘worst case scenario’’ approach, we

Enumeration districts and
population density/hectare

Kilometres

N
0 2 4

0 to 30
30 to 60
60 to 80
80 to 150

150 to 320
320 to 2290

0.002

0.002

0.001

0.02

0.01

0.002

0.004

0.008

0.006

0.004

0.004

Figure 1 Additional mean annual
PM10 levels from the proposed
incinerator (20 km radius).

Table 3 Acute effects on premature deaths of extra PM10 within 20 km of the proposed facility

Cause of death Age Source of exposure-effect estimate

Deaths brought forward by operation of facility per annum

Number
per year

Number in 30
years As % of baseline

Total non-traumatic All London 0.018 0.55 0.00006
Combined APHEA and NMMAPS, 2002 0.030 0.91 0.0001
APHEA 0.036 1.09 0.0001
COMEAP 0.045 1.38 0.0002
APHEA (distributed lag) 0.097 2.91 0.0003

Respiratory All London 0.013 0.39 0.0002
COPD + asthma >65 London 0.0078 0.23 0.0005

APHEA, short term effects of air pollution on health: European approach. NMMAPS, national mortality and morbidity air pollution study. COMEAP, Committee on
Medical Effects of Air Pollution. COPD, chronic obstructive pulmonary disease.

1094 J Mindell, R Barrowcliffe

www.jech.com

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jech.bm

j.com
/

J E
pidem

iol C
om

m
unity H

ealth: first published as 10.1136/jech.2005.036897 on 14 N
ovem

ber 2005. D
ow

nloaded from
 

http://jech.bmj.com/


used the event rates from the local government area within
the 20 km circle that had the highest background rates of
deaths and hospital admissions.

RESULTS
The modelled changes in annual mean concentrations of
PM10 were small, being 0.08 mg/m3 at the most affected
location (fig 1; a colour version of the figure is available on
line at http://www.jech.com/supplemental). The average
additional exposure over the area within 20 km would be
0.002 mg/m3. Even at the most affected location, concentra-
tion increases of this magnitude would be impossible to
detect through the use of monitoring instruments, given
current background concentrations of about 25 mg/m3 and
the precision of current instruments (¡2 mg/m3).
At baseline, the 3 689 826 population living within 20 km

of the proposed plant experienced an average of 29 984 non-
traumatic deaths, 28 541 cardiovascular and 27 345 respira-
tory admissions per year. Table 3 shows the estimated
number of deaths brought forward by operation of the
facility.
Using a 20 km radius, the additional PM10 emitted from

the proposed plant was estimated to bring forward about 0.03
deaths per year—that is, 0.9 earlier death, including 0.39
earlier respiratory death, every 30 years, corresponding to
0.0001% of all deaths.
Table 4 shows extra or earlier hospital admissions. There

would be about 1.3 extra or earlier emergency respiratory
admissions, and 0.9 extra or earlier emergency cardiovascular
admissions in 30 years, ,0.0002% of all respiratory and
0.0001% of all circulatory admissions.
Over a 30 year period, there would be 0.08 extra or earlier

hospital admission among children aged less than 15 years

and 0.17 in adults aged 16 to 64 for asthma. Visits to accident
and emergency departments for asthma could not be
calculated, as neither baseline numbers nor rates were
available.

Long term effects
There is less evidence for the long term effects of particulate
exposure. Three American33–35 and one Dutch36 cohort studies
have found associations with increased mortality. Re-analysis
adjusting for a wide range of sociodemographic and other
potential confounder confirmed a probable effect, although
with smaller effect estimates.37

The effect is probably causal but the magnitude of effect
has not been measured in England. The English Committee
on the Medical Effects of Air Pollution (COMEAP), stated in
200138 that the most probable effect estimate was the lower
limit reported by the Health Effects Institute reanalysis –0.1%
per 1 mg/m3 PM2.5.

37

The long term effects of 30 year exposure to the estimated
additional PM10 over the area within 20 km of the proposed
plant would cause between an extra 1.8 deaths in 30 years
(using as our lower limit the COMEAP ‘‘most likely’’ effect
estimate of 0.1% per 1 mg/m3 PM2.5 and applying this effect
estimate to the PM10 levels) and 7.8 deaths in 30 years (using
the weighted average estimate from the WHO three country
study39).

Sensitivity analyses
Table 5 summarises the results of sensitivity analyses for
which the effect estimate, baseline mortality rate, or area
affected were varied.
The most important effect on health is the increase in non-

traumatic deaths. Different exposure effect estimates gave

Table 4 Acute effects on admissions and consultations of extra PM10 within 20 km of the proposed facility

Emergency hospital admissions Age Source

Number of extra or earlier admissions and consultations per annum

Number per year Number in 30 years As % of baseline

Respiratory All London 0.044 1.32 0.0002
COMEAP 0.044 1.32 0.0002

>65 London 0.010 0.31 0.00009
APHEA 0.026 0.78 0.0002

Asthma 0–14 London 0.003 0.08 0.0001
15–64 London 0.006 0.17 0.0003

COPD + asthma >65 London 0.003 0.10 0.00007
APHEA 0.011 0.32 0.0002

LRTI >65 London 0.016 0.47 0.0003

Circulatory All APHEA 0.029 0.87 0.0001
0–64 London 0.029 0.87 0.0003
>65 London 0.021 0.63 0.0001

Cardiac All APHEA 0.021 0.63 0.0001
>65 APHEA 0.021 0.63 0.0002

IHD 0–64 London 0.011 0.33 0.0003
>65 London 0.011 0.33 0.0002

APHEA 0.011 0.33 0.0002

COMEAP, Committee on Medical Effects of Air Pollution. APHEA, short term effects of air pollution on health: European approach. COPD, chronic obstructive
pulmonary disease. LRTI, lower respiratory tract infection. IHD, ischaemic heart disease.

Table 5 Examples of sensitivity analyses for increases in annual health outcomes

Health outcome Age group Base Estimate
Higher exposure response
(20 km)

Higher baseline rate
(20 km)

Smaller population
(15 km)

Total non-traumatic deaths All 0.030 0.045 (based on 0.074%) 0.042 0.024
COPD+ asthma deaths >65 0.0078 0.014 (based on 0.46%) – 0.0063
Respiratory admissions All 0.044 – – 0.035
Cardiac admissions >65 0.021 0.030 (based on 0.1%) – 0.017
Asthma admissions 0–14 0.0027 0.0055 (based on 0.12%) – 0.0022
Asthma admissions 15–64 0.0055 0.0070 (based on 0.18%) – 0.0042
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the range for the estimated acute impact on mortality as
0.55–2.91 earlier deaths every 30 years.
The primary calculation used the region’s average death

rate, but there is pronounced geographical variation in this
rate. Using the highest all cause death rate experienced in a
borough within 20 km of the proposed plant as a worse case
scenario had a similar effect to increasing the exposure effect
estimate: it increased the estimate of the number of deaths
brought forward to 1.26 in 30 years.
Considering the population living within 15 km

(2 214 151) rather than 20 km of the proposed plant reduced
the number of deaths brought forward by the additional
PM10 emitted over a 30 year period from 0.91 to 0.72.

DISCUSSION
Exposure response coefficients from American and European
epidemiological studies apply best to those populations and
pollution types for which the studies were done. These have
tended to be urban populations where pollution is influenced
primarily by road traffic pollution. The influence of industrial
pollution in urban areas is much less than it was several
decades ago. For particles, there is be more reason to consider
the source of pollution, as particulate matter is usually a
composite of many chemicals, although the consistency of
association between outcomes and mass of PM10 from
studies in different parts of the world is striking.
Some factors that may increase the uncertainty are:

N The temporal nature of the pollution. Industrial plumes
expose a downwind population to intermittent, short
periods of higher concentrations. Road traffic pollution in
urban areas is more uniform, with occasional episodes of
increased concentrations caused by unfavourable weather
conditions.

N The socioeconomic circumstances of the two population
groups. In our example, the exposed population is mainly
urban and reflects well the populations used in epidemio-
logical studies of pollution mainly originating from
transport.

The English Department of Health’s expert committee on
health effects of air pollution (COMEAP) has confirmed that
it is appropriate to use the results of time-series studies from
transport pollution for estimating effects of industrial
pollution but has reported on the additional uncertainties.40

In line with their recommendations, we have been explicit
about assumptions made.
The more widely practised methods of quantifying health

outcomes from exposure to air pollutants in environmental
assessment have usually entailed a source-pathway-receptor
approach, in which each various exposure route is treated as
a series of compartments thorough which the pollutants are
transferred. A large number of pollutants are amenable to
this treatment and their effects on humans are calculated by
reference to toxicological data. This approach is popular in
North America, where the concept of risk assessment is
embedded in regulatory practice.41 42 The approach we outline

here is fundamentally different, not least with respect to the
origin of the data relating to harm. The North American
approaches to the evaluation of health risk rely on the use of
large toxicology databases for an array of chemicals.
Information on individual chemicals is typically based on
animal and occupational exposure data. For carcinogens, a
non-threshold approach is adopted and so a theoretical risk
extends to all non-zero exposures, however small. For non-
carcinogens, a reference dose is used, which signifies the
point at which harm is assumed to occur. Often, the
technique is applied to defined human receptors that are
taken to represent specific exposure scenarios, such as a
farmer or child. Significant parts of the modelling elements
of the risk assessment approach are concerned with the
estimation of exposure, either to inhalation or ingestion,
perhaps through the food chain.
In contrast, the approach we describe here is limited to a

small number of pollutants, but the basis of the estimation of
harm is the reported effect from epidemiological studies on
the wider human population. It is also not a measure of the
risk of harm occurring, but rather an attempt to quantify an
outcome assumed, from an assessment of causality from a
systematic literature review, to occur. We assume that the
exposure of the affected population is well represented by the
dispersion model and we include only inhalation of airborne
pollutants.
The California Environmental Protection Agency approach,

and its HARP (hotspots analysis reporting program) soft-
ware, can be linked to a GIS but assumes a threshold relation
for non-carcinogenic air pollution effects.41 The impacts of a
proposed development are therefore based on calculating the
health impacts of air pollution with and without the
proposal, the impacts of the development being the difference
between the two. Because of the assumption of a threshold,
annual averages cannot be used but each day’s particulate
levels (or hourly levels for some pollutants) are required to be
computed separately and the effects summed.
Our computer model uses a similar theoretical approach to

quantifying health impacts as Health Canada’s revised risk
determination framework.43 We have produced a tool to
estimate these impacts.
The mathematical model developed by Biddulph and

colleagues14 44 uses more detailed population dynamics than
our model but in the absence of more detailed age specific
exposure-effect estimates, we decided not to use population
data broken down into more than the three age bands. If the
population in the potentially affected areas within each of the
adult age groups were older than average, a higher baseline
number of events and therefore greater impact would have
been found by using narrower age specific baseline event
rates. Their model also incorporates baseline health status
and models transition between these for a ‘‘no intervention’’
and a ‘‘proposed project’’ scenario, the health impact of the
proposal being the difference between these. However, such
detailed population and health status data are seldom
available to those conducting environmental health impact
assessments, nor have the time series studies on which the
exposure-effect estimates are based used such data. Their
model also does not seem to incorporate geographical
information.

What this paper adds

N Combining a GIS system, dispersion modelling, and a
spreadsheet model to quantify potential health impacts
of new or existing sources of pollution is feasible.

N Using such an approach, sensitivity analyses are easily
performed, to examine the effects of changing the
underlying assumptions.

Policy implications

Where environmental effects are of concern because of their
potential impacts on health, these should be identified and,
where possible, quantified.

1096 J Mindell, R Barrowcliffe
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Like Health Canada’s approach to estimating health
benefits,45 but unlike the tools mentioned above, our
approach uses the change model46 rather than a burden of
disease approach.46 47 This has the advantage of ignoring
factors that do not change, thus simplifying the calculations.
This is particularly important for aspects such as baseline air
pollution levels, which are generally available only at a few
specified locations. A model that requires calculation of the
effects both of baseline pollution exposure and of exposure to
the ‘‘baseline plus effects of proposal’’ would therefore
require spatial modelling of pollutant levels at a small area
resolution if modelled exposure to pollution from a proposed
development is to be estimated accurately.
This approach is also applicable to other impacts, provided

the change in ‘‘exposure’’, the magnitude of effects of a unit
change, and the baseline rates are known, and to other
sources, if changes in exposure can be modelled. It could also
be used to model differential effects on susceptible popula-
tions if effect estimates for different subgroups became
available, together with the relevant population data. This
model does already allow for the tendency for more deprived
populations to be exposed to greater concentrations of
pollutants because of its fine geographical resolution in
modelling air pollution and its consequent health impacts.
The additional refinement of using area specific baseline
mortality and morbidity rates would add to the assessment of
equity of effects.
It is possible to quantify the impact on some health

outcomes of exposure to some additional levels of pollution,
caused by a new point source. Using a GIS in this way can
result in a more precise estimate, as the modelled exposure
for each small area can be related to the resident population
of that area, rather than applying a uniform average or
maximum exposure to all. Our approach might be particu-
larly suitable for the case of air quality changes introduced by
a linear pollutant source, such as a road, or changes across a
road network on the scale of a city, provided that such air
quality changes can be captured within a GIS and matched
with a population database at the appropriate spatial
resolution.
The main advantage of this computer model approach is

the ease with which the input data can be varied to reflect
changing knowledge, such as more recent effect esti-
mates48 49; other effect estimates to enable comparisons with
those used elsewhere9; other underlying assumptions (for
example, normal operating conditions or worse case scenar-
ios); or the level of uncertainty in the data (and therefore the
need to conduct sensitivity analyses). When more than one
pollutant is considered, effect estimates obtained from
analyses using two-pollutant models can be substituted.16

A similar model was used in the past to ascertain whether
calculations using annual changes in sulphur dioxide differed
from those using monthly changes.50 No significant differ-
ence in conclusions were found, so that empirical study
confirms our theoretical basis for using annual changes for a
pollutant with no threshold of effect.
This method can also show the effects of varying the

geographical parameters within which exposure is defined.
Eighty per cent of the potential health effects seen when a
20 km radius was used occur within 15 km of the proposed
plant, although only 60% of the larger population live within
this smaller area. Extending the area further would be
unlikely to have more than a minimal effect.
Simple calculations of health effects of modelled changes

in air pollution have been undertaken in the past, examining
the benefits of improvements in air quality13 or potential
hazards from increased pollution from a development.51 Our
computerised approach permits more sophisticated model-
ling. Whereas those studies assumed that all the residents of

the selected area would be exposed to the same estimated
concentrations, the basis of our method is to model air
pollution concentrations at a fine geographical resolution and
use GIS to ascertain the effects of the modelled concentration
of the pollutant for each enumeration district on the
population living within that small area.
Additionally, our computer model enables different back-

ground rates to be applied to each area for more precise
estimates. In this case, we used localised population and
modelled air pollution data but did not incorporate specific
background mortality or morbidity rates for each local
authority area as the numbers were so small that using the
regional average and the highest local authority rate within
the affected area were deemed sufficient analysis.
The estimates are a useful order of magnitude guide to

some health impacts. Application of the method in this case
was able to show that the magnitude of quantifiable health
effects that might result from the increased exposure to PM10

is small—about 0.03 deaths each year in a population of
3 500 000, with 0.04 extra hospital admissions for respiratory
disease.
In comparison with the more deterministic modelling

approaches to calculating health impact, our approach is
restricted to those pollutants for which we have strong
evidence of causality through epidemiological studies.
However, these tend to be the pollutants associated with
combustion processes and so are those of primary interest. In
addition, particulate matter is not a pollutant that is easily
treated by reference to toxicological data derived from
occupational exposure or animal studies and its effects on
the human population could be missed by such an approach.
This is a useful technique but is only a part of identifying

potential health impacts. A similar model can be used to
quantify any causal impact if the exposure can be modelled
and the baseline event rate, susceptible population, and the
magnitude of a linear exposure-effect relation are known.13 It
can also be used to compare potential health impacts from
different proposals as part of options appraisal or within an
economic assessment. However, it cannot be used to compare
the magnitude of health impacts from different proposals or
caused by different aspects of a proposal (for example, from
transport of waste, effects on visual amenity, noise) unless all
the elements to be compared are quantifiable.13

The extent to which deaths are brought forward is
debated.52–55 The long lasting effects of long term exposure
to lower levels of pollution are generally held to be
considerably larger than the acute effects.56 However, the
effects of long term exposure to pollution are still an order of
magnitude less than the premature deaths caused by
smoking, where each smoker whose death is caused by
tobacco loses an average of 10 years of life.57

Some care must be taken in presenting these results to
emphasise the uncertainties in the numbers and the
limitations of the method. Nevertheless, for decision makers
who might be unclear on the scale of possible impacts, the
methodology is a useful tool. For the public, context is
crucial: for them even one premature death might be seen as
an unnecessary burden from a new source appearing in their
community.
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